using Co-semigroup theory of linear operators, the existence of a unique nonnegative time-dependent solution of M/G/l queueing model with single vscations has been proved.
INTRODUCTION
there has been a considerable interest in queueing systems with server vacations (see [l-4] , for instance).
If we restrict ourselves to M/G/l queueing systems with exhaustive service (the queue must be empty when the server starts a vacation), those systems with multiple vacations, single vacations, and N-policy have been considered by many authors (see [5-81, for illstance) .
But most works on vacation models have been limited to the analysis of steady-states. A few treatments of transient behavior are as follows. Welch [9] considered a sequence of queue sizes at departure epochs, a sequence of waiting times for each customer, and the virtual waiting time for an M/G/l system with exceptional service for the first customer of each busy period.
h/Iinh [lo] gave the joint distribution of the sequence of arrival times and waiting times of each customer in system with multiple vacations, single vacations, and a combination of N-policy, setup times, and closedown times. Takagi [2] first established the hII/G/l queueing models with exhaustive service by using supplementary variable technique and then obtained explicit expression of the Laplace transform of their time-dependent solutions.
In other words, he proved the existence of time-dependent solutions of hi/G/l queueing systems with exhaustive service. So far, results about time-dependent solutions for M/G/I queueing systems with exhaustive service are scarce. Until now we have not found better results than the results in 121.
In this paper, we discuss the exhaustiv~service M/G/l queueing system with single vacations, which is used in telecommunication systems, ISDN (integrating services digital network) and ATM (asynchronous transfer mode) systems [ll] . In the &I/G/l queueing systems with single 
Qnb:, 0) = 0, 11 2 0.
(1)
Here (x, t) E (0,~) x [0, co) . pa(t) re p resents the probability that there is no customer in the system and the server is idle at time t. p,(z, t) d3: (n 2 1) represents the probability that at time t there are n customers in the system and the server is busy and the remaining service time of the server lies in [z, x + dx) . Qn(x, t) dx (n 2 0) represents the probability that at time t there are $1 customers in the system and the server is on vacation and the elapsed vacation time of the server lies in [z, z + dx) . X represents the mean arrival rate of customers.
here F(x) represents the probability density function of the service time.
here J(z) represents the probability density function of the vacation time. Take state space as follows:
-y x Y = {@tQ) I P E Xv Q E Y, ~I(P~Q~I/ = II~ll.u + IlQllv~~ 
Then the above equations (l)-(10) can be written as an abstract Cauchy problem in the Banach
Throughout this paper, we assume that b(x) and z*(x) satisfy
MAIN RESULTS

THEOREM 1. A + U -t E generates a positive contraction Co-semigroup T(t).
PROOF.
We split the proof of this theorem into four steps. First, we estimate the norm of
Thus, by using the Hille-Yosida theorem, we know that A generates a Co-semigroup.
Third. we show that U and E are bounded linear operators.
So by using the perturbation theory of Co-semigroup, we conclude that A + U + E generates a Cc-semigroup T(t). Last, we verify that A + U + E is a dispersive operator. Thus, by the Phillips theorem, we obtain that T(t) is a positive contractive operator.
For any given (y, z) f X x Y, we consider the equation (yI -A)@, Q) = (y, z). It is equivalent
Solving (13)- ( 15): we get that
Combining (19) with (22), we obtain that Substit.uting (23) into (22), it follows that
= eTys lz zn(T)eY' dr, n 2 1.
Combining (20), (21), (22), and (24) with (16) and (17) (31) 
Then it is easy to verify that (f", g') E D(A). Moreover, 
From Theorems 1 and 2, we obtain the main result in this paper. 
PROOF. Since (p,Q)(O) E D(A*) n 2, from [13] and Theorem 1, we know that system (11),(12) has a unique positive time-dependent solution (p, Q)(s, t) which can be expressed as h Qk tf = ~(t)(~, Q)(O), t E (0, Co).
By (45) and (47), it can be immediately deduced that
IIb.Q)(.~t)ll = llT(t)(~~Q)(O)ll = ll(~~Q)(O)ll = 1. vt E [O, cm).
The proof of Theorem 3 is complete. Equation (46) just reflects the physical meaning of (p, Q).
